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ABSTRACT 

Expression for Stiffness derivative for an Ogive is derived with the suppositions of the arc on the nose of the 
cone from the air is being considered as perfect gas and the viscosity being neglected , the motion is quasi-steady, and the 
nose deflection angle of the Ogive 0 is in such a way that the M 2 after the shock is > 2.5. 

It is seen that due to the increment in angle 0, the stiffness derivative increases linearly due the progressive 
increase in the plan form area of the nose shape. The results indicate that there is a 38 percent increase in the stability 
derivative when the flow deflection 0 was enhanced in the range of 5 to 10 degrees. With the further enhancement in the 
flow deflection angle 0 from ten degrees and above, does not yield substantial increase in the stability derivative. 
Due to this change in the surface pressure distribution will lead to shift the location of centre of pressure, from the 
hinged position h = 0.5 to 0.8. The centre of pressure also has shifted towards the downstream, which lies in the range 
from h- 0.72 to 0.85. 
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1. INTRODUCTION 

Stability derivative plays an important role and its significance in the performance of Rockets and 
Missiles at high Mach numbers. At high Mach numbers the nose of the aerospace vehicles either be non-slender or 
blunt as aerodynamic heating is of major concern. The evaluation of stability derivatives in pitch marks the point 
of importance and its study for axis-symmetric ogives at hypersonic flow is presented here. The present work is for 
attaching shock case for an ogive having sharp nose, which can be used in future to more useful shapes 
incorporating the factor due to blunt. 
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The present scenario of study of hypersonic flows helps in attaining a position of non-slender body shapes and at 
high angle of incidence which would form the basis of the remarkable development of efficient hypersonic vehicles. 

The theory of similitude for hypersonic flow which is valid for the windward side of an aerofoil with high angle 
of incidence was developed by Ghosh [1] preconditioned with Mach number after the shock the M > 2.5 and with an 
attached bow shock. The extension of Ghosh’s work on pitching non-planar wedges was developed by Crasta and Khan to 
evaluate the aerodynamic stability derivatives in pitch for both Supersonic [2] and Hypersonic flows [10] to [12]. 

Ghosh K. [2] has extended his theory of large deflection similitude [1] to attached shock axisymmetric bodies 
realising the equivalence of motion in a piston with axial symmetry. The wedge revolving around the stream wise axis 
results in a cone while the same realisation of the flow field which is independent of 1-D fluid slab[l]which resultsin 
similar conico-annular area. Ghosh, K., [2] proves that the flow field past the fully unsteady cone is equivalent to a 
piston-motion in the conico-annular area, which is known as 1-D similitudinal slab. Ghosh, K., [2] gives a similitudinal 
flow basedsolution for a cone, which forms the solution for shock layer of fixed density. The pressure on the surface of the 
cone in terms of the inertia level at the piston surface is gauged by the constant density form of the compressible flow. 
Results are found for hypersonic flow for a thermally perfect gas over pitching ogives for various inertia level and flow 
deflection angles. 

2. ANALYSIS 



From the geometry we have 


xtan 0 

tan <f) - ^ ; tan <j) {] 


ctan# 

(c-x 0 ) 


Where $ is the angle subtended by A at O' with x-axis, and for various position of A, $ varies from n to ^ c , 
0 C is the flow deflection angle of the ogive and the chord length is c. 


The Stiffness derivative presented by C ma , is 
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Where S b = base area of the ogive= 71 {c tan 0 
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c = Length of the chord for ogive. 

After simplification we get the following, 

The equation for the ratio of pressure for a steady cone at zero angle of attack (Ghosh, K., 1984), provided the 
shock is attached at the nose of the cone, is 


P ( 1 ^ 

’- = l+TM 2 po 1 H- £ 

K l 4 ) 


( 1 ) 


Where the density ratio is 

r= 2+(y-i)M 2 po 

2+(r+i)M% 0 


( 2 ) 


and M po is the local Mach number of the piston, which operates in a conico-annular area; P bo is the surface body 
pressure of the ogive at zero angle of incidences. 

M po = M x sin<9 c 


Where 6 C is the semi angle of ogive 
Now 
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On solving (3) we get 
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Thus utilizing the above derived definition the equation for Stiffness derivative is derived as 


(3) 
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and 


n - tan 0 c 


The above derived expression for stability derivative has been used to obtain the results for various geometrical as 
well as the inertia parameters and the same have been plotted and discussed in the section to follow. 

3. RESULTS AND DISCUSSIONS 

This section discusses the results in respect of stiffness derivative for the ogive nose shape. To achieve the ogive 
shape we have taken the basic shape of the cone and then an arc has been superimposed to achieve the desired Ogival 
shape. Initially the semi vertex angle (0) of the cone is selected and then an arc has been superimposed for different values 
of X which is positive as well as negative to get convex as well as the concave shape. For a given value of the X, the semi¬ 
vertex angle (0) has been varied from 5 degrees to 25 degrees, keeping the shape of the ogive circular arc the same. The 
main objective here is to study the effect of the variations of the semi-vertex angle which basically will result in a 
continuous increase in the plan form area of the nose of the cone. Once the shape of the nose with the conic shape is done, 
then an arc for X = + 5 is super imposed on the nose of the cone. The shape of the nose of the cone will vary depending 
upon the X, when the X is positive the shape will be convex and when the X is negative the nose shape will become concave. 
Results for X = 5 are shown in Figures. 2 to 6. Results for Mach 5 and X = 5 are shown in Figure 2, for the semi vertex 
angles(0) in the range from 5 to 25 degrees, it is seen that due to the enhancement in angle 0, the stiffness derivative 
increases linearly due the progressive increase in the plan form area of the nose shape. From the results of the figure 2 it is 
found that there is a 38 percent increase in the stiffness derivative when angle 0 was increased from five degrees to ten 
degrees. When the angle 0 is further increased from ten degrees up to fifteen degrees, does not yield substantial increase in 
the stability derivative in pitch. The physics behind this behaviour may be that when the angle 0 was increased from five 
degrees to ten degrees, and then later when the circular arc was superimposed that leads to the maximum gain in the plan 
form area. Later with further increase in the angle 0 will not result in appreciable incremental in the plan form area which 
was achieved when the angle 0 was increased from 5 to 10 degrees. Further, it is seen that the due to the area distribution, 
with continuous increase in the magnitude of the semi-vertex angle the surface pressure will vary and may this surface 
pressure distribution may align most of its surface area towards the trailing edge, thereby shifting the location of centre of 
pressure. Due to this change in the surface pressure distribution on the ogive which will lead in the shift of the centre of 
pressure, and this movement of the centre of pressure is varying from the pivot position h = 0.5 to 0.8. In view of this shift 
in the location of the centre of pressure will definitely result to enhancement in the magnitude of the stiffness derivative, 
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thereby; increasing the static margin of the system where they employed. While deciding on the angle 0 and X we need to 
take care of the range of the static margin, in case if the static margin is very high would lead to restricted manoeuvrability 
of the system, it may not be desirable in some specific cases like for instance fighter aircraft. For the fighter aircraft 
normally, the static margin is either zero or negative to enhance its capability during the war time fight when entering into 
the enemy air space. Here the variation in the semi vertex angle will have the major role to play, as the arc radius has been 
kept constant for various Mach numbers and the flow deflection angle 0. 

Results for Mach number of 7 are shown in the Figure 3. Due to the increment in the Mach number and the 
increased values of the inertia there will be a marginal change in the surface pressure over the nose, and also, this surface 
pressure value will get modified. In view of these two factors the magnitude of stiffness derivative is getting reduced 
continuously all along the pivot positions. The similar trends of continuous decrease in the stiffness derivative are seen for 
Mach 9, 10 and 15 are also seen in Figures. 4 to 6, with the exception that the magnitude of decrement is less as compared 
to the previous case. Here, once again the trend of decrease in the stiffness derivative continues all along the nose length of 
the ogive, and reversal in the trends is not seen in any of these cases. 

Results for semi-vertex angles in the range from 0 = 5 to 25 degrees, and X = - 5 for Mach numbers in the range 
from M = 5 to 15 are shown in the Figures 7 to 11. For this case the X being negative implies that the shape of the arc is 
just opposite of the previous case when the X was 5 with a positive sign. This will lead to a reduction in the plan form area 
of the nose portion. Obviously this will result in a decrease of the stiffness derivative with the increase in the angle 0. 
Figure 7 presents the variation in stiffness derivative as a function of hinged position h for various flow deflection angles 0 
in the same range as discussed above and also, for fixed value of Mach number 5 and X = -5. 



Figure 2: Variation of Stiffness Derivative with h for M=5 



Figure 3: Variation of Stiffness Derivative with h for M=7 
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Figure 4: Variation of Stiffness Derivative with h for M=9 



Figure 5: Variation of Stiffness Derivative with h for M=10 



Figure 6: Variation of Stiffness Derivative with h for M=15 



Figure 7: Variation of Stiffness Derivative with h for M=5 
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Results for semi-vertex angles from 0 = 5 to 25 degrees, and X = - 5 for Mach numbers in the range from M = 5 to 
15 are shown in the Figure 7 to 11. For this case the X being negative implies that the shape of the arc is just opposite of the 
previous case when the X was 5 with positive sign. This will lead to reduction in the plan form area of the nose portion. 
Obviously, this will result in decrease of the stiffness derivative with the increase in the angle 0. Figure 7 presents the 
variation in stiffness derivative as a function of hinged position h for a wide range of angles 0 in the same range as 
discussed above and also, for a fixed value of Mach number 5 and X = -5. The figure indicates that the magnitude of the 
stiffness derivative is very high as compared to the previous case when X = 5. Also, it is seen that with the increase in the 
value of 0 there is a continuous reduction in the value of the stiffness derivative, which is in contrast with the previous case 
when X = 5. This reversal in the trend is due to the change in shape of the nose and redistribution of the area along the 
length of the nose. The location of centre of pressure also has shifted in the direction of the trailing edge and it lies in the 
range from h = 0.72 to h = 0.85. This once again shows that due to the change in the shape of the Ogive these changes are 
taking place. When the Mach number is increased to 7 it shows almost similar results except the magnitude has come down 
as seen in Figure 8. However, there is no change in the centre of pressure due to the change in the inertia level. Similar 
results are seen for Mach 9, 10, and 15 with a marginal change in the magnitude of the stiffness derivatives. It is seen that 
the location of the centre of pressure does not change due to the increase in the Mach number which also indicate that for 
the higher Mach number the flow has achieved the steady state condition and does not vary with the enhancement in the 
Mach number. Another interesting observation is that when X was positive the, with the increase of 0 values the increment 
in the stiffness derivative was linear and uniform all along, whereas in the case of X being negative due to the shape change 
of the nose and due to the variation in the surface pressure the trend are totally different, even though the trend in the shift 
of the centre of pressure remained in the direction of the trailing edge. 



Figure 8: Variation of Stiffness Derivative with h for M = 7 



Figure 9: Variation of Stiffness Derivative with h for M = 9 
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Figure 10: Variation of Stiffness Derivative with h for M = 10 



Figure 11: Variation of Stiffness Derivative with h for M = 15 


4. CONCLUSIONS 

In view of the above discussions we conclude the following: 

From the results, it is seen that due to the increase in the angle 0, the stiffness derivative increases linearly due the 
progressive increase in the plan form area of the nose shape. 

From the results it is observed that there is a 38 percent increase in the stiffness derivative when the angle 0 was 
increased from 5 to 10 degrees. With further increase in the angle 0 from ten degrees and above, does not yield substantial 
increase in the stiffness derivative. 

Further, it is seen that due to the change in the semi-vertex angle and hence the area distribution, the surface 
pressure will vary and this surface pressure distribution may align most of its surface area towards the trailing edge, 
thereby shifting the location of the center of pressure. 

Due to this change in the surface pressure distribution on the Ogive which will lead in the shift of the centre of 
pressure, and this shift in the centre of pressure is varying from the pivot position h = 0.5 to 0.8. 

In view of this shift in the location of the centre of pressure will definitely result to enhancement in the magnitude 
of the stiffness derivative, thereby; increasing the static margin of the system where they employed. 

While deciding on the angle 0 and X we need to take care of the range of the static margin. Here the variation in 
the semi vertex angle will have the major role to play, as the arc radius has been kept constant for various Mach numbers 
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and the semi-vertex angle. 

The magnitude of stiffness derivative is getting reduced continuously all along the pivot positions with the 
increment in the inertia level and the semi-vertex angle, with further increase in the Mach does not yield the same results. 

For this case the X being negative implies that the shape of the arc is just opposite of the previous case when the X 
was 5 with a positive sign. This will lead to a reduction in the plan form area of the nose portion. Obviously this will result 
in a decrease of the stiffness derivative with the increase in the angle 0. 

Also, it is seen that with the increase in the value of 0 there is a continuous reduction in the value of the stiffness 
derivative, which is in contrast with the previous case when X = 5. This reversal in the trend is due to the change in shape 
of the nose and redistribution of the area along the length of the nose. The centre of pressure also has shifted towards the 
trailing edge and it lies in the range from h = 0.72 to h = 0.85. However, there is no change in the centre of pressure due to 
the change in the inertia level. Similar results are seen for Mach 9, 10, and 15 with a marginal change in the magnitude of 
the stiffness derivatives. 

Another interesting observation is that when X was positive the, with the increase of 0 values the increment in the 
stiffness derivative was linear and uniform all along, whereas in the case of X being negative due to the shape change of the 
nose and due to the variation in the surface pressure the trend are totally different, even though the trend in the shift of the 
centre of pressure remained towards the trailing edge 
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